This paper investigates the importance of asymmetric response of the conditional second moment to return innovations with regard to the estimation of the risk premium of international assets. The results indicate that second moment asymmetry is significant and time-varying. They also show that, if the price of risk is time-varying, the world market and foreign exchange risk premia estimated without allowing for time-varying asymmetry are misspecified when compared with risk premia estimated allowing for constant asymmetry or no asymmetry. Furthermore, they imply that when investors require higher compensation to bear risk according to the business condition, asymmetry is more pronounced.
A. Introduction
The question of how risk affects returns is a fundamental one in finance. The notion of risk used in the literature is generally based on the second moment of returns, often conditional on some information set. This paper focuses on one particular aspect of the trade off between risk and return. It investigates the importance of asymmetric response of the conditional second moment to return innovations with regard to the estimation of the risk premium of international assets.
Asymmetric volatility refers to the negative correlation between current returns and future volatility. In other words, positive returns tend to be followed by lower volatility than negative returns of the same magnitude. The occurrence of this phenomenon in domestic individual stocks and indices, often referred to as the leverage effect, 1 has received substantial empirical and theoretical attention. Black (1976) first conjectured that asymmetry could be determined by changes in the capital structure of firms. Another credible hypothesis is that the asymmetric volatility response to returns shock could be due to time-varying risk premia. This is often referred to as the volatility feedback effect. Such an asymmetry is a well-established empirical fact in U.S. assets. With regard to international asset returns, the evidence 2 with respect to the existence of asymmetry of the second moment of international returns is becoming stronger, especially at weekly frequency.
It is conceivable that the asymmetric response is not only present in international assets, but it also varies over time. Indeed, both the "leverage" hypothesis and the "volatility feedback" conjecture are compatible with time variation in the asymmetric response. In fact, if the asymmetric response was largely due to the change in the firms' capital structure, as maintained by the leverage effect hypothesis, then the changes in the relative weights of equity and debt in the firms' balance sheet would determine time variation in the asymmetric response at the firm level. If volatility feedback was the main reason for asymmetry, it is possible to conjecture that investors' reaction to news, particularly bad news, may be more pronounced depending on the phase of the business cycle.
This paper asks three interrelated questions from the asset pricing perspective of a U.S. investor: 1) Do conditional second moments of returns of developed countries assets respond asymmetrically to returns innovations? 2) If present, does asymmetry vary over time? 3) What are the economic consequences of ignoring significant and potentially time-varying asymmetry from an asset pricing perspective? In other words, if investors are compensated for market and exchange rate risk, does it matter whether they take into account asymmetries? Indeed, the question of whether asymmetry affects pricing is possibly more important than the presence of asymmetry itself.
The results of this paper can be summarized as follows. Firstly, it is found that asymmetry is not only present, but also significantly time-varying for the assets of developed countries.
Secondly, not allowing for time variation in the asymmetry yields misleading estimates of the world market risk premium and of the foreign exchange risk premia. This result is potentially of interest for portfolio management and asset allocation.
Finally, this paper proposes a novel econometric empirical model that conveniently parameterizes the alternative hypothesis of constant or time-varying asymmetry. The proposed methodology generalizes the International Asset Pricing Model of Adler and Dumas (1983) (IAPM) with the multivariate GARCH specification implemented by De Santis and Gerard (1998), henceforth DG. The DG parameterization of the IAPM ideally lends itself to the investigation of the economic importance of second moments asymmetry as it allows a quantification of the market risk premium and of the exchange risk premia.
The rest of the paper is organized as follows: After reviewing a selection of the pertinent literature, section I presents the international asset pricing model. In section II the multivariate GARCH specification, allowing for the constant and time-varying asymmetry in the conditional second moments, is introduced along with estimation results. In section III statistical tests highlighting the importance of second moments asymmetry for the estimation of the risk premium are illustrated. The economic implications of the results are also discussed in this section. Section IV concludes. Christie (1982) was among the first to examine the relation between the variance of equity returns and several explanatory variables. What he found was that equity variance has a strong positive association with financial leverage and the negative elasticity of volatility with respect to value of equity should be ascribed to financial leverage to a substantial degree. Brown, Harlow, and Tinic (1988) develop and test the uncertain information hypothesis as a means of explaining the response of rational, risk-averse investors to the arrival of unanticipated information. The paper shows that stock price reactions to unfavorable news events tend to be larger than reactions to favorable events, which is attributed to volatility feedback. Campbell and Hentschel (1992) present the first formalized empirical model of volatility feedback that investigates how changes in volatility affect required stock returns and thus the level of stock prices. The explanation hinges on volatility persistence and varying risk premia. Large pieces of good news have a positive impact on stock price since they imply larger future dividends. However, they also increase conditional volatility. The greater future volatility increases the required rate of return on stock, which offsets the stock price increase, at least partially. When a large piece of bad news hits the market, the direct negative impact on dividends is amplified by the higher required rate of return on stock induced by the higher volatility. the longest sample period. The samples include 3398 daily, 1200 weekly, 276 monthly observations. The results presented in detail here refer to the daily estimation. A summary of the findings for the weekly and monthly frequencies is also provided. All models are estimated in US dollars.
B. Related work
The indices are from Germany (DAX 30), Japan (Nikkei 225), the U.K. (FTSE 100) and the US (S&P 500), in US dollars, i.e. the G4 countries. The world return is the DS-Market total return index. The conditional risk free rates are the Canada 1-Month T-Bill, the Euro-Franc 1-Month lending, the Euro-Mark 1-Month lending, the Euro-Yen 1-Month lending, the UK T-Bill 1-Month and the EURO-Dollar 1-Month, all middle rates. The data series used to compute the instruments are the US Corporate bond Moody's ND BAA and ND AAA for the default premium (USDP), the EuroDollar 1-Month deposit and the US Treasury constant maturities10-year, for the term premium(USTP). All the data are from Datastream.
The instruments default premium (USDP) and the term premium (USTP) have been widely used in international asset pricing literature, as well as in the studies cited above, and are now considered to some extent as standard. Avramov (2002) studies 14 predictors that have been widely used in the literature. He finds that the term premium is robust both in sample and out of sample. He also notices that the USTP's good performance is due to its ability to capture exposure related to shifts in interest rates and economic conditions that affect the likelihood of default. The fact that the term premium may proxy for time-varying risk aversion makes it a particularly suitable variable for explaining second moment asymmetry, as the degree of asymmetric response could be influenced by investors' attitudes towards risk.
The World Market Dividend Yield was also preliminarily considered as a potential instrument, together with first order differences but they were found to have less explanatory power and were dropped for the sake of parsimony. In addition, the robustness of dividend yield as return predictor has been recently put into question. Goyal and Welch (2003) have found that the dividend yield forecast returns only over horizons longer than 5-10 years.
The choice of instruments is also justified by the fact the USDP and USTPare the less correlated pair of instruments with a correlation coefficient of 0.24 versus a correlation of 0.28 for the USDP and DY and 0.55 for the USTP and DY, all of which are highly significant.
I. International asset returns
In the following section the presence of time-varying asymmetries is investigated in an International Asset Pricing Model context for the G4 counties 3 : Germany, Japan, UK, and US. Due to the large share of market capitalization relative to the world market, this set of countries is the one that is often the object of study. The question of the possible time-varying asymmetry in the second cross moments will be addressed along with the possible relevance of model misspecifications with regard to the estimation of the conditional first moments, and in particular the risk premia estimates.
A. The asset pricing model
The IAPM of Adler and Dumas (1983) suggests that exposure to foreign exchange should be priced when purchasing power parity does not hold.
The following are the main assumptions of the model. The world economy has L + 1 countries with M risky securities of which L are currency deposits. All returns r i,t are expressed in the reference currency, which in this paper is the USD. PPP is violated by assumption, and thus investors from different countries have varying degrees of appreciation for the real returns of assets.
This set of assumptions implies that the optimal portfolios differ across countries and that the expected return must include market and currency premium.
The fundamental pricing equation is:
i = 1, ..., M with M equal to the number of assets where δ c,t−1 = ψ t−1 (
is the price of foreign exchange risk for currency, and
is the world price of market risk.
The coefficient of relative risk aversion for investors from country c is ψ c , while ψ t−1 is an average of the risk aversion of each group weighted by the correspondent relative wealth
, π c,t is the inflation of country c measured in the reference currency, r m,t is the excess return on the world portfolio of all traded stock. From the definition of ψ t−1 it is apparent that the price of market risk can be negative only if the risk aversion ψ c is negative.
For the purpose of testing, a further assumption is that inflation is nonstochastic, which can be justified by the fact that in developed markets the variance of inflation is negligible with respect to the variance of the exchange rate. Nonstochasticity of inflation implies that the random component that needs to be modeled in π c,t is the relative change in the exchange rate between the currency of country c and the reference presented in this paper. 6 currency. This assumption makes it possible to use the return on country c 0 s currency deposit as a proxy for the exchange rate risk.
Under this set of assumptions DG write a system of equations E t−1 (r i,t ) = δ 1,t−1 Cov t−1 (r 1,t , r i,m ) + P L+1 c=2 δ c,t−1 Cov t−1 (r 1,t , r q+c,t ) E t−1 (r q−1,t ) = δ 1,t−1 Cov t−1 (r q−1,t , r i,m ) + P L+1 c=2 δ c,t−1 Cov t−1 (r q−1,t , r q+c,t )
for the q equity portfolios,
for the L currency deposits, and
for the world portfolio. DG find that the exchange rate is priced extending the results from Dumas and Solnik (1995) and Harvey (1991) , and provide a measure of its magnitude. To do so they implement a fully parametric approach that allows the simultaneous analysis of international the equity market and currency deposit and the estimation of time-varying conditional prices and measures of risk. Notice that this model provides a precise origin for a time-varying price of risk. If the risk aversion coefficients for each country's investor are constant the variation of the price of risk is determined by a time-varying wealth share.
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B. IAPM implementation
For the purpose of this paper the model is implemented as follows. The mean equation is:
where r t is a 8 x 1 vector of returns, F t−1 is the set of information available at time t−1, H t is the conditional covariance matrix of asset returns and h n+c,t are columns of H t . The resulting structure of the system of 8 equations is as follows: the first four equations in the system are for the equity indices, the following three are for the Eurocurrency deposits and the last one is for the world market portfolio.
The model assumes that the conditional second moments follow a diagonal GARCH process in which the second moments in H t depend only on past squared residuals and an autoregressive component. This assumption has been usually found satisfactory for monthly and weekly data for developed countries. For the sample at hand, dependence is generally not found significant beyond the first lag. 5 Moreover, in this sample non contemporaneous correlations are generally insignificant. This implies that there should not be any concern regarding the difference in trading hours across international markets and the possible non contemporaneous spillovers for daily observations and gives support to the proposed specification.
The advantage of assuming a specific form for the covariance process is that it allows estimating the magnitude of the conditional prices of risk for the market and the foreign exchange factors.
The conditional covariance matrix H t can be written as:
where a and b are vectors. Notice that this specification is a restriction of the more general form:
imposing the BEKK diagonality restriction on A and B introduced by Engle and Kroner (1995) .
The direct parameterization of the constant matrix CC 0 in the conditional covariance requires the estimation of C and is the general alternative to covariance targeting. It, however, does not require the iterative procedure necessary to estimate the unconditional variance H 0 . DG assume that the system is covariance stationary and estimate H o iteratively. They find that this assumption does not substantially affect the dynamics of the conditional covariance. Here the constant matrix CC 0 is estimated along with the other parameters by QML. The disadvantage of estimating CC 0 is a loss of parsimony, which can however be afforded here thanks to the large sample size.
The theory developed by Adler and Dumas (1983) dictates that the market price of risk should be positive. This positivity restriction of the price of risk should hold at any point in time, as any violation would imply a negative risk aversion. Adler and Dumas also suggest that one of the hypotheses to be tested is that the price of market risk is positive.
In the asset pricing literature, to constrain the price of risk to be positive as implied by theory, the price of risk δ t is often modeled as an exponential function of the instrument (see e.g. DG (1997) , and DG (1998) .) There are, however, many authors who in the absence of theoretical indications about the functional form relating price of risk and the instruments prefer to use a linear specification. Ferson (1989) and Ferson, Forerster and Keim (1993) , use for instance a linear specification, and DG do also recognize the plausibility of this choice.
Arguably, a good model should be relatively robust to parameterization about which the theory does not provide any indication. The positivity of the price of risk of such a model should stem from estimation despite a specification that allows the price of risk to be estimated negative; any positivity constraint used for computational convenience should not be binding. Clearly, a model that imposes positivity on price of risk cannot indicate whether or not the sign of the estimate price of risk conforms to theory prediction. Here, the time-varying prices of risk were modeled as linear functions of the instruments, thus leaving unconstrained the sign of the price of market risk.
The potentially time-varying risk premium is defined as
Remarkably, in this study the price of market risk is estimated positive despite the linear specification. When taken as a constant, the price of market risk turns out to be either positive and significant or negative but insignificant. For the model with timevarying price of risk the price of risk is also implied to be positive by the coefficients estimated significantly.
6 Figure 8 shows the estimated price of risk for model 4 and 6. These results increase the confidence in the suitability of this type of models to explain international returns.
As all returns are measured in USD, there are three sources of foreign exchange risk: DEM, JPY and GBP. The empirical model is then
where δ 1,t−1 is the world price of market risk, δ 2,t , δ 3,t , and δ 4,t are respectively the world price of foreign exchange risk of the DEM, of the JPY and of the GBP.
Given that international markets are assumed to be integrated, the price of each source of risk is common across all investors; it follows that there is no subindex i on the δ's.
In this conditional set up, it is possible that intertemporal hedging may play a role. However, taking such a possibility explicitly into account would greatly complicate the empirical analysis. DG indirectly test for the relevance of the intertemporal component. They cannot reject the null hypothesis that the intertemporal component is unimportant. For these reasons, the following section will use equation (5) leaving aside these issues.
II. Second moment asymmetry
The definition of asymmetric conditional covariance is as follows:
Definition 1 Return r i , t and r j , t display asymmetric conditional covariance if for two innovations for asset i ε i,t and −ε i,t of a given magnitude but opposite sign and two innovations for asset j ε j,t and −ε j,t
This inequality is also often expressed as "lower than" in such a way as to convey the idea that joint negative innovations tend to increase the conditional covariance.
The model specifies the errors as ε t |F t−1 v N(0, H t ). Ignoring the conditioning set for notational simplicity, by the assumption that ε t = z t H 1/2 t the standardized residuals z t are defined as
The diagonal multivariate GARCH(1, 1) specification is as follows
Focusing on the ARCH component of the conditional covariance process and using (7), it is possible to rewrite the model as follows
The model becomes
In a univariate setting, an asymmetric GARCH parameterization known as N-GARCH appeared first in Engle and Ng (1993) . This paper proposes a multivariate generalization of the N-GARCH as an alternative model which allows very naturally for second moment asymmetry. This model will be called BEKK multivariate NGARCH, or M-NGARCH for brevity. The asymmetric conditional covariance is specified as:
This specification clearly nests the symmetric one and straightforwardly lends itself to higher order GARCH or ARCH specifications.
8 Moreover, the proof of proposition 2.5 in Engle and Kroner (1995) shows that the BEKK model yields a positive definite covariance matrix for all values of ε t−1 .
The conditions under which BEKK's model yield a positive definite covariance matrix are also sufficient for the above model (11) to yield a positive definite covariance matrix. This follows immediately by redefining ε *
Smoothness, which greatly facilitates estimation, is one important advantage of this parameterization over that first proposed by Glosten, Jagannathan and Runkle (1993) which makes use of indicator variables.
The most parsimonious way to include asymmetry is to restrict θ to be constant and equal for all the assets. This specification may indeed be appropriate when modeling assets of the same class.
The sign of θ in the typical case in which positive returns tend to be followed by lower conditional second variance than negative returns of the same magnitude should be positive. In addition, if θ is higher than z t for all t the relationship between innovation and conditional second moment will be monotonic.
Alternatively, it is possible to allow for a different θ i for each asset in the model, or the specification can be extended to allow for time-varying asymmetry including a set of explanatory variables:
where θ t = f (IV t ) is taken to be a function of a set of instrumental variables known at time t. The main difference is that asymmetry is applied to standardized innovations and it is potentially time-varying.
The function considered in this implementation is identical to that of the price of risk: it is simply a linear combination of the instruments and a constant term. The default premium depends on the expected default loss of risky bonds and a time-varying risk premium while the term premium may proxy for time-varying risk aversion. These two explanatory variable can be related to second moment asymmetry, as the degree of asymmetric response is likely to be influenced by investors' attitude towards risk. Moreover, the use of the same set of instruments in the same functional form as used for the price of risk should provide enough evidence that any time variation found in the asymmetry parameter is not the spurious product of an ad hoc choice of instruments or functional forms. The specification for the time-varying asymmetry is therefore
The model outlined above allows testing for the significance and dynamics over time of the price of risk. In particular, if δ c,1 is significant, but neither δ c,2 , nor δ c,3 are significant, we conclude that δ t is different from zero and constant. The significance and dynamics over time of θ i,t can be explored in a similar fashion.
A. M-NGARCH: a simple illustration
For the sake of illustration, consider the case of a two asset model with constant asym-
hen the ARCH component of equation (11) is
which can be expanded as
Expressing the model in vectorized form and omitting constant and GARCH terms gives a better idea of the way in which asymmetry is captured.
Notice that even in the expression for the variances the standardized residuals and elements of S t−1 play a role. Their role is in fact that of reconstituting the dependence structure originally in the ε t which the standardization procedure removes. Under the alternative that asymmetry is present, the reintroduction of the dependence structure operates on the "symmetrized" residuals.
A plot of the response function of the ε t−1 is shown in Figure 1 for values of θ 1 and θ 2 similar to those estimated and equal to 4, with parameter a 1,1 and a 2,2 equal to 0.12 and a covariance equal to
The asymmetric response is apparent from the plot. In this particular illustration the zero point for the conditional covariance innovation is ε = £ 4.899 4.899 ¤ . Whenever both innovations are lower than 4.899, covariance increases. In particular, when both innovations are negative the increase in the covariance is larger than when they are positive and of the same magnitude. This is the precise meaning of covariance asymmetric response as used in this paper.
B. M-NGARCH estimation
Presented in this section are estimation and standard statistical testing results of individual parameters, Wald tests for joint hypotheses, and LR tests for model specification. More insight into the economic implications of asymmetry and more specific tests appear in the subsequent section. All the models estimated belong to the multivariate GARCH(1, 1) family. Presented here is a subset of six different specifications. The dimensions of interest for comparison across models taken into consideration are: the specification of the price of covariance risk δ, which is treated as a constant or time-varying parameter using the US default spread and US term spread; the specification of the asymmetry which is alternatively constrained to be zero, or allowed to be constant and different for each asset, or allowed to be time-varying and different for each asset using the same information set as the price of risk.
The following table summarizes the asset pricing models considered in this section. The QML estimation was performed using the BFGS Quasi-Newton method using several starting values. The Bollerslev and Wooldridge (1992) robust standard errors were computed using numerical Hessian and scores.
Tables (2) to (7) in the appendix show the parameter estimates for all the parameters excluding the constant: in parentheses are the p-values from a robust t-test of significance. The matrix of constants contains several parameters that are not significantly estimated.
9 Although care should be used when analyzing results that depend on the covariance level, it is expected that the constant matrix estimates affect all models in a similar manner and should not affect any of the results that depend on second moment dynamics.
GARCH and ARCH parameters are highly significant in all models with magnitudes comparable to previous studies.
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The models with constant δ 0 s are estimated as an interesting starting point despite the widespread view, supported by the results in this paper, that the price of risk is more likely to change over time. In the first model, with constant price of risk and no asymmetry, two out of four prices of risk are found to be positive and significant at any conventional level: δ 1 , equal to 0.058 is the price of covariance with the global market, and δ 4 , equal to 0.013 is the price of GBP risk. Positiveness of the price of market risk is one of the test suggested by Adler and Dumas (1983) .
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The remaining two prices of exchange risk are found to be negative and insignificant. In model 2 the price of risk δ is kept constant and one asymmetry parameter θ i for each asset i is introduced in the covariance. All estimated δ 0 s are found tp be insignificant. The asymmetry parameters, θ 3 for the UK and θ 4 for the US are found to be positive at 1.376 and 1.631 respectively, and significant.
Model 3 allows for time variation in θ i,t . Interestingly, a time-varying asymmetry restores the significance for the estimates of δ 2 and δ 3 . This should not be surprising as it is very much in keeping with the spirit of this paper's focus. The comparison of the goodness of competing second moments specifications to explain conditional first moments is formalized in the following section where the conditional mean encompassing tests are introduced. One intuitive way to think about why a different specification of the conditional covariance may affect price of risk estimation is to consider that conditional second moments estimated under different specification function in a fashion similar to regressors in a linear regression framework. In the same way that "better" regressors produce "better" estimates of regression coefficients, conditional second moments that have explanatory power with respect to returns provide estimates of the price of risk that are significant.
Small p-values for the several coefficients of the instruments show strong support for time-varying asymmetry for all assets, except the German index. All the interest rates on the currency deposits have highly significant time-varying asymmetry parameters, albeit one order of magnitude smaller for the JPY and the GBP.
Model 4 features time-varying prices of market and currency risks δ c,t , with c = 1 to 4, and no asymmetry; the significance of the estimates of δ c,t conforms to DG's (1998) results: the evidence of variation over time of the price of risk is quite strong for all the currency risks and only slightly less for the world market with a p-value of 0.061 for the USTP's coefficient.
Model 5 confirms the finding of the previous model 4 as far as the prices of risk are 10 In interpreting the coefficients notice that returns are in daily percent while the instruments are expressed in yearly percent. 11 In the robustness section the same parameter is found to be positive and significant at 10 per cent level at weekly frequency, and insignificant at monthly freqency. 14 concerned. The constant θ 0 i s are estimated to be positive and highly significant for all the assets.
Model 6 features both time-varying price of risk δ c,t and time-varying asymmetry θ i,t . With regard to the price of risk, the variation over time is proved robust to model specification for all factors within the integrated markets framework: all δ c,t are again found to be significantly time-varying.
The market price of risk δ 1 and δ 1,t require particular attention since, according to the theoretical model, they should always be estimated positive despite the fact that no restriction is imposed by the linear parameterization used here. The absence of any restriction does not affect the estimated sign of market price of risk estimates: δ 1 is always positive and significant in model 1 and 2 or negative and insignificant in model 3. The time-varying price of market risk δ 1,t is also implied positive by the parameters estimated significantly at 10% level or less. Figure 8 plots δ 1,t for the model without asymmetry and for the model with time-varying asymmetry. They are both positive for the duration of the sample period. However, the price of risk estimated without allowing for time-varying asymmetry is approximately double the magnitude of the price of risk estimated allowing for no asymmetry. The positiveness of the prices of market risk estimates is reassuring as it is consistent with the theoretical model and increases confidence in these asset pricing methodologies. A discussion of this results in relation with asymmetry is provided in the following section.
Overall, asymmetry is found to be highly significant for all the assets. When such a high number of parameters is estimated, however, tests for individual parameters may not prove to be completely reliable. For this reason, further testing was performed using a Wald test for the joint significance of parameters of the instruments. To test the null hypothesis that either δ c,t for c = 1...4, or θ i,t are constant, it is possible to jointly consider all the parameters in the respective linear combination of instruments, excluding the constant term. If the null is true, all of these parameters should be zero. The formal testing of this hypothesis can be performed through a Wald test. The results of these tests which are presented in the table 9 show overwhelming support for both δ c,t and θ i,t time-varying for any model discussed in this paper.
The likelihood ratio test for nested models presented in Table 8 shows a pair-wise comparison of comparable models. The tests consistently reject models without asymmetry when compared either with models with constant θ i , or with models with timevarying θ i,t . The LR tests also reject constant asymmetry with respect to time-varying asymmetry specifications.
Perhaps not surprisingly, when nested specifications allowing the price of risk to be either constant or time-varying are compared, the tests are inconclusive. This could be due to the intrinsic difficulty in estimating the means of asset returns or to the lack of power of the test.
In substance, these results show a strong rejection of the null hypothesis according to which asymmetry is not present or that, if present, it is constant.
III. Encompassing test for the risk premium
The central question of interest is whether the presence of asymmetry in the conditional second moments does affect the estimates of the conditional first moments. If the asymmetry of the type studied in this paper was in fact only a statistical property of the international assets returns with no influence on the risk premia estimates, its interest would be purely positive: uncovering asymmetry, either constant or time-varying, would not yield any normative conclusion. However, if the estimates of the risk premia in the mean equation differ significantly from one another under competing specifications that allows for asymmetry -either constant or time-varying -and the model that allows for asymmetry fits the data better according to some measure, then using a model that does not allow for asymmetry would yield misguided estimates of the total risk premium and of its components.
As it is made clear in a more formal way in the following section, asymmetry does substantially affect the estimation of the risk premia.
Wooldridge (1990) proposes a general class of tests designed to detect conditional mean misspecifications based on the encompassing principle. The conditional mean encompassing (CME) tests exploits the correlation between the residual under the null and the gradient of the alternative. Roughly speaking, the encompassing principle states that a model that is well specified under the null should be able to explain the characteristics of a rival model, i.e. it should encompass it.
Unfortunately, the CME test does not appear prominently in the asset pricing literature. Asset pricing models of the type used in this paper fall short of prescribing how the conditional covariance should be parameterized. In implementing these models, the choice of the one particular covariance model is often based on considerations that leave aside the theoretical foundation of the model itself.
Yet, the choice of one covariance model may substantially affect the risk premia estimates precisely because of the difficulty which estimating the conditional mean of returns entails. In other word, different covariance models may well yield estimates that look similar on the surface. However, the important question is: will the risk premia of asset pricing models that use competing covariance as covariance risk estimates look similar? In substance, the fact that different covariance specifications may yield risk premia that substantially different from one another raises the question as to which model the analyst should select.
Clearly, while neither t-tests of individual parameter significance nor Wald or LR test can answer this question, the CME test can.
Of interest to practitioners is the monetary quantification of the importance of timevarying asymmetry for portfolio management. In particular, it is plausible that for practical reasons one may be interested in comparing the pricing error, either absolute or in percentage terms, between a model that allows for time-varying asymmetry and a model that does not. In such instances, the loss function for the parameter estimation should be designed accordingly. Then, using for example NLS, it would be possible to estimate the parameters and compare the absolute or relative pricing errors or perform the CME tests.
An illustration of the test and how it is used in this paper is presented in the technical appendix.
A. CME tests results
The results of the most important CME tests are shown in table 10. Emphasis is on the models that allow for time-varying price of risk. In this section, an alternative model is considered better than a model well specified under the null if, according to the CME test, a departure from the null in direction of the alternative is detected. On the contrary, an alternative model is not better than the model under the null if there is no information left in the model errors that the alternative model is capable of explaining.
The CME test between the benchmark model with time-varying δ c,t but no asymmetry under the null and the model with time-varying δ c,t and constant θ i does not reject the null with a p-value of 0.447. This result shows that the alternative model does not fit the conditional mean any better than the model under the null.
This result indicates that adding a constant asymmetry parameter to the covariance specification when the prices of risk are time-varying does not produce better estimates of the risk premium. This finding is interesting in light of the increasing attention paid to asymmetry.
When the benchmark model is tested against the model with time-varying δ c,t and time-varying θ i,t , remarkably the joint CME test for all the components of the conditional mean strongly rejects the model under the null with a p-value of 0.034. This result indicates that, for asset pricing in this sample, it is important to allow for time-varying asymmetry. The components of the risk premium related to δ 3,t (the JPY deposit) δ 4,t are rejected with p-values of 0.036 and 0.055. The market price of risk δ 1,t and δ 2,t (the DEM deposit) are not rejected.
If the model with time-varying δ c,t and constant θ i is considered under the null against the alternative model specified with δ c,t and time-varying θ i,t , the rejection is even stronger with a p-value of 0.002. The individual significance of the factors is generally higher compared to that of the previous test. This result confirms that including a constant asymmetry θ is not sufficient to improve the estimates of the conditional mean, and hence to estimate better risk premia.
Interestingly, the CME test of the model with constant δ i under the null against the model with constant δ c and constant θ i rejects the null with a p-value of 0.024. It follows that if one decides not to use instruments (such as the USDP or the USTP), it would still be better to include constant asymmetry parameters in the covariance specification in order to get better estimates of the risk premium.
Similarly rejected is the same model when compared to the one with time-varying θ i,t under the alternative with a p-value of 0.014. The comparison between the models with θ i and the model with θ i,t is inconclusive having a p-value of 0.329.
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Diagnostic tests on the standardized residuals of all models were performed. Not surprisingly, normality tests show that for all the models the normality assumption is not appropriate. The Bera-Jarque test rejects the null hypothesis of normality for all residuals and for all models. This gives support to the use of robust standard errors for inference. The difference between models is not considerable when testing for skewness and kurtosis separately. However, in general the asymptotic test statistics of residuals' kurtosis under the null of normality are 1 or 2 orders of magnitude larger than those for the similar tests for skewness. This set of diagnostic tests suggests that the notion that the better fit of models allowing for time-varying asymmetry may stem for an improved ability of capturing the skewness of returns may not be correct. If that was the case one would expect the skewness in the residuals of models with asymmetry to be systematically less pronounced.
The conclusion from this battery of tests is that for the purpose of estimating risk premia, when the price of risk is time-varying, asymmetry should also be time-varying. A constant asymmetry does not provide any improvement. Indeed, when the price of risk is allowed to be time-varying, the conditional mean estimated by a model that allows for time-varying asymmetry is more consistent with the data. However, if the price of risk is modeled as a constant, then better estimates of the risk premia can still be obtained including a constant asymmetry parameter in the covariance specification.
These are important findings from an economic perspective, as the estimation of risk premia is the fundamental objective of any asset pricing model.
B. Risk premium and asymmetry
The findings in this paper corroborate the previous results with regard to the timevarying nature of the price of risk. In addition, they extend and link the factors driving the price of risk variability to the variability of the covariance risk. It is remarkable that the same set of instrumental variables is capable of explaining the variability of the price of risk and one particular aspect of covariance risk, i.e. covariance asymmetry. If one believes that these instruments are suitable indicators for the changing business climate and that the family of IAPM models considered here are a reasonable approximation for the way assets are priced in developed international markets, then the results are consistent with the idea that the same economic factors affect both the investor's willingness to bear risk, by mean of the price, and the amount of risk itself, through the conditional covariance. Table 7 shows that all the significant coefficients for both the prices of risk and the asymmetry parameters θ t have a positive sign. This is an indication that the factors that drive the price of risk affect the magnitude and direction of the asymmetric response in a similar way. Notice also that for θ t the default premium factor is significantly positive for all but German and the US indexes, for which is insignificant. One economic 12 The last two tests are not reported in the table to save space. interpretation of this finding, which is also appealing to intuition, is that when the economic condition is bad not only do investors require a higher price for bearing risk, but they also react more asymmetrically to news.
Notice also that the term premium, which is often used as a proxy for time varying risk aversion, is significantly positive for 5 out of the 8 assets. This evidence suggests that the variation over time of investors' aggregated risk aversion affects both the price of risk, and the asymmetric response in second moments in the same direction. An increase in the slope of the yield curve results in a higher price of risk and more asymmetric response in covariance.
Total and factors risk premia for comparable models are shown in the plot of the annualized risk premia for the multivariate models. These plots are drawn by setting all the insignificant coefficients of the instrumental variables to zero and taking only that part of the linear combination having significant parameters for each asset. This is done to eliminate the undue influence of insignificant components of the price of risk estimates which obfuscate the effect of significant factors by exaggerating the contribution of insignificant ones.
Interesting insights emerge from the plot of the total risk premium. With some exceptions, allowing for time-varying asymmetry generally yields lower estimates of the total risk premium for equities and for the world market index and higher estimates for the foreign currency deposits. One exception is the second half of the sample for the Japanese Yen denominated deposit. The plot implies that an investor who takes into account the time variation of asymmetry from early 1997 to 2001 would content herself with a much lower risk premium compared to an investor who gives no consideration to asymmetry or who considers it constant.
In figure 4 to 6 some considerable differences among models emerge from the inspection of the foreign currency risk premia especially in the first half of the sample. The estimates of the components of the risk premia due to the DEM risk are sizably higher both for German and U.K. indices and deposits. For Japan and the World Market, the differences are not as considerable, while for the US index they are negligible.
The evolution over time of these risk premia seems to be related to the various stages of the introduction of the Euro currency. The peaks around 1992 and 1993 coincide with the European Monetary System crises. This finding is interesting, as it indicates that investors who took into account time-varying asymmetry would have required higher compensation to bear DEM risk during those times of turmoil. The uncertainty started to dissipate in January 1994 with the start of the second stage of EMU. In December 1995 the European Council agreed to name the European currency unit to be introduced at the start of Stage Three, the "euro", and confirmed that Stage Three of EMU would start on 1 January 1999. The successful introduction of the Euro currency coincides with an excursion in the negative territory for the DEM risk premium. Figure 5 shows that there are several similarities the risk premia determined by the GBP risk and those determined by the DEM in the first half of the sample. One example of how they differ is that for the former the premia for investing in DEM deposit and GBP deposit remain positive and steadier throughout the second half of the sample. This joint evidence suggests that events affecting the Euro area did not affect in the same way the risk premia determined the GBP risk in the second half of the 90's. Figure 6 shows that for the risk premia resulting from the JPY risk, taking into account the time-varying asymmetry yields estimates of the risk premia that are generally lower than those that were obtained without any consideration given to time-varying asymmetry. For both, the Japanese equities and the Yen deposits, from 1997 to 2000 the divergence is striking. Models with no asymmetry or constant asymmetry show peaks of risk premia above 40% per year. However, once time-varying asymmetry is taken into consideration the contribution to the total premium of the risk premia required to invest either in Japanese equities or in Japanese deposits shrinks to a much smaller level. It seems that the changing risk aversion captured by the instruments plays an important role in determining the compensation required by the investors. In other words, the empirical link between price of risk and the asymmetric response in the covariance risk indicates that some fundamental factor captured by the instruments has an effect on both, the price of risk and the amount of it as expressed by the covariances shown in the pricing equation.
This conjecture seems to apply to all the stock indices, as it can be inferred by the plots of conditional covariances for the time-varying asymmetric models as well as the symmetric ones.
13 While the estimated conditional covariances are hardly distinguishable between models, the corresponding market prices of risk are rather different. It seems that small differences in the estimated conditional covariances lead to sizable differences in the estimated risk premia, which can be due to the fact that it is objectively difficult to estimate expected returns. Figure 7 plots the parameter that is the main focus of interest in this paper: the time-varying asymmetry. This plot is drawn by setting all the insignificant coefficients of the instrumental variables to zero and taking only that part of the linear combination with significant parameters for each asset. The pictures show a wide variation in the range of the varying asymmetry. However, there is a general pattern which is common to all assets, 14 namely an increase from the beginning of the sample period until a decline around 1999. This in turn is followed by increase and a jump 15 around the end of 2001 for Japan, UK, DEM deposit, JPY deposit and the World market, that is for all assets for which varying asymmetry is significantly explained by the default premium.
It is worth noting that the pattern of the asymmetry parameter for Germany, the U.S. and GBP is similar to the world market price of risk. This implies that, ceteris paribus, when investors require higher risk premia for investing in the world market the asymmetric response in the covariance of these assets tends to be more pronounced. Historically, the peaks occur around 1991, coinciding with the first Gulf War, and late 1998, which coincided with the LTCM crisis. The asymmetry parameter sharply increased after the year 2000 to the end of the sample, which saw a period of great geopolitical uncertainty and unfavorable business conditions. The world market asymmetry parameter is driven not only by the term premium, but also by the default premium, and hence it appears to be slightly different.
In order to conserve space, the analogous set of plots for those models having a constant price of risk is not included. It is, however, the case that the risk premium estimated by the model that allows for time-varying asymmetry is much flatter and smaller than that estimated by the symmetric model.
C. Robustness at the weekly and monthly frequencies
The daily analysis presented so far shows crisp results in terms of the overall importance of time varying asymmetry along with the significance of individual parameters. For asset pricing and portfolio management however lower frequency are often of interest. Robustness check were performed using weekly and monthly data over a longer period.
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The weekly analysis corroborates the results obtained at the daily level. Although the level of significance of individual parameters decreases, the evidence regarding the time variability of asymmetry and its importance for asset pricing is unchanged. The statistical evidence provided by the Wald, LR and CME tests remain as strong as at the daily frequency. This is remarkable as the number of weekly observations is substantially smaller than that of daily.
The monthly results, despite the much smaller number of observations, still show strong statistical evidence of time variation of both the price of risk and the asymmetry parameter. The Wald test that all the time-varying coefficients of the asymmetry parameters shows a p-value of 0 up to the third decimal. Similarly, the LR tests reproduce a strong rejection pattern similar to that obtained at daily and weekly frequencies. Models featuring no asymmetry are rejected by models with constant asymmetry, which in turn are rejected by models with time-varying asymmetry. At monthly level however, no power is left to compare models from an asset pricing perspective using the CME test. This is possibly due to the small sample size.
IV. Conclusion
This paper provides three main contributions. Firstly, allowing for time-varying asymmetry is important for the estimation of the market risk premium and foreign exchange risk premia. The conditional mean tests show that when the price of risk is time varying, models that do not allow for time-varying asymmetry yield conditional mean estimates, i.e. risk premia that are misspecified with respect to those provided by models that allow for time-varying asymmetry. This finding has potentially important consequences 16 The results are not reported in detail to conserve space.
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for portfolio management and asset allocation. However, if the price of risk is modeled as a constant, it is of benefit to include a constant asymmetry parameter in the covariance specification as it yields better estimates of the risk premia.
As an intermediate step towards reaching the first conclusion, this paper also shows that, the returns from developed countries display time-varying asymmetry which is significantly driven by the same economic factors that drive the price of risk. For integrated markets, when according to the business climate investors require a higher price for bearing risk, they also react more asymmetrically to news.
Thirdly, this paper also proposes and implements a novel econometric empirical model that takes into account second moment asymmetry in a multivariate GARCH context. The technique is general and can be easily extended to take into account more articulated forms of asymmetry.
One limitation of the approach proposed in this paper to model second moment asymmetries, is that it does not disentangle asymmetric effects in the covariance from effects in the correlation. In addition, the BEKK parameterization, despite the relative parsimony, still requires a sizable number of simultaneously estimated parameters. As a consequence, the number of assets that can be included in a model is naturally bound to be relatively small. Engle and Sheppard's DCC type of models are possibly suitable for assessing both questions. The obvious question in such an empirical context and with a larger number of assets is, then, whether time-varying asymmetry would still be found to be as important as it has been found in this paper. This remains a subject for future research.
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A. Appendix I -The Conditional Mean Encompassing Test
Formally, in the conditional mean encompassing test the statement of the null is of the form H 0 : Model X is well specified; the statement of the alternative is of the form H a : Model Y fits the conditional mean better. Notice that this test does not say anything about the difference of the same parameter in two competing models, and as such, although it provides a guidance for model selection, it does not provide a measure of mispricing.
The CME tests can be computed using any √ T -consistent estimators and they are valid without any assumption on the variance of the dependent variable. This feature is of particular interest in this paper. The resulting statistic has a limiting χ 2 distribution under the null and is robust to conditional and unconditional heteroskedasticity of unknown form. The CME tests are computed from linear least-squares regressions and they are specifically devised to detect departures from the null hypothesis in the direction of the alternative.
The computable statistic of interest for the CME test is a Q x 1 vector:
where
is the score vector of the conditional mean parameters of the alternative model (the superscript a indicates the alternative model) and b ε t is the residual from the model fitted under the null hypothesis. If the alternative model has nothing more to add regarding the data than the model true under the null, the covariance in (17) should be zero.
As for the implementation of the test, a robust procedure is suggested that orthogonalizes the ∇ δ a µ t ( b δ a T ) with respect to the ∇ δ null µ t ( d δ null T ). The test performed here closely mirror the one described in procedure 3.1 in Wooldridge (1990) and is as follows:
Step 0: Obtain the QML estimates of δ under the null and under the alternative. These estimators are √ T -consistent as required for the test. Obtain the relative score matrices. Get the vector b ε t from the model under the null.
Step 1: Run the multivariate regression
Step 2: Run the regression
Under the null, the statistic T R 2 u = T − SSR, where R 2 u is the unbalanced R 2 and SSR is the sum of square residuals, is asymptotically χ 2 Q .The CME test can be extended to the multivariate case. Since all the assumptions hold in a multivariate context, the only modification required to perform the test is found in the set of regressors in Step 2 which should now include the residual for all the assets simultaneously in the model and consequently in the degrees of freedom of the CME statistic.
For the purpose of this paper Step 2 then becomes the regression
where N is the number of assets in the system of equations. Accordingly, the CME statistic results asymptotically χ 2 Q x N with Q x N degrees of freedom, equal to the number of parameters tested times the number of assets in the system. This procedure is particularly useful for testing the components of the risk premium when the price of each factor is time-varying. For instance, taking into consideration the price of market risk as estimated in a model with no asymmetry and the price of market risk as estimated in a model that includes a constant asymmetry parameter, the CME test formally assesses the following questions. Is
a well specified price of risk in the conditional mean equation for a model that does not include asymmetric response in the second moments? 17 Or is the alternative model, which includes a constant parameter for asymmetry θ i for each asset, a price of risk that better fits the data? The same question can be asked for all the price of risk jointly and inference can be drawn regarding the importance of asymmetries of second moments for pricing. The empirical model 1 is
δ c Cov t−1 (r i,t , r 4+c,t ) + ε i,t i = 1, ...8
δ 1, is the constant world price of market risk, δ 2 , δ 3 , and δ 4 are respectively the world price of foreign exchange risk of the DEM, of the JPY and of the GBP. All returns are measured in USD, there are three sources of foreign exchange risk: DEM, JPY and GBP. The conditional covariance is specified as
where A and B are diagonal matrix with typical element α i and β i and C is lower triangular. 
QML robust P-values in brackets
The empirical model 2 is
δ 1 is the constant world price of market risk, δ 2 , δ 3 , and δ 4 are respectively the world price of foreign exchange risk of the DEM, of the JPY and of the GBP. All returns are measured in USD, there are three sources of foreign exchange risk: DEM, JPY and GBP. The conditional covariance is specified as
where A and B are diagonal matrices with typical element α i and β i , C is lower triangular and θ is an 8 x 1 vector containing the asymmetry parameters θ i with i = 1, ...8. 
The empirical model 3 is
where A and B are diagonal matrices with typical element α i and β i , C is lower triangular and θ t is an 8 x 1 vector containing the time-varying asymmetry parameters.. The specification for the time-varying asymmetry is The empirical model 4 is
δ 1,t−1 is the world price of market risk, δ 2,t , δ 3,t , and δ 4,t are respectively the world price of foreign exchange risk of the DEM, of the JPY and of the GBP. All returns are measured in USD, there are three sources of foreign exchange risk: DEM, JPY and GBP. The potentially time-varying risk premium is defined as
The conditional covariance is specified as
where A and B are diagonal matrices with typical element α i and β i and C is lower triangular. 
The empirical model 5 is
where A and B are diagonal matrices with typical element α i and β i , C is lower triangular and θ is an 8 x 1 vector containing the asymmetry parameters θ i with i = 1, ...8.. The empirical model 6 is
where A and B are diagonal matrices with typical element α i and β i , C is lower triangular and θ t is an 8 x 1 vector containing the time varying asymmetry parameters θ i,t . The specification for the time-varying asymmetry is The table shows a pair-wise comparison of nested models. The model taken as restricted benchmark is indicated in the column heading. The rows indicate the unrestricted model to with respect to which the test was performed. P-val's in brackets. The tests consistently reject models without asymmetry when compared either with models with constant θ i , or with models with time-varying θ i,t . The LR tests also reject constant asymmetry with respect to time-varying asymmetry specifications. However, when nested specifications allowing the price of risk to be either constant or time-varying are compared, the tests are inconclusive. These results show a strong rejection of the null hypothesis according to which asymmetry is not present or that, if present, it is constant. Figure 1 . Response function of the innovation vector ε t−1 for values of θ 1 and θ 2 similar to those estimated and equal to 4, with parameter a 1,1 and a 2,2 equal to 0.12 and the variance equal to 1 and covariance equal to .5. The asymmetric response is apparent from the plot. The zero point for the conditional covariance innovation is ε = [4.899 4.899] Whenever both innovations are lower than 4.899 covariance increases. In particular, when both innovations are negative, the increase in the covariance is larger than when they are positive and of the same magnitude. Time-varying asymmetry. With some exceptions, allowing for time-varying asymmetry generally yields lower estimates of the total risk premium for equities and for the world market index and higher estimates for the foreign currency deposits. One exception is the second half of the sample for the Japanese Yen denominated deposit. The plot implies that an investor who takes into account the time variation of asymmetry from early 1997 to 2001 would content herself with a much lower risk premium compared to an investor who gives no consideration to asymmetry or who considers it constant. The estimates of the components of the risk premia due to the DEM risk are sizably higher both for German and U.K. indices and deposits. For Japan and the World Market, the differences are not as considerable, while for the US index they are negligible. The evolution over time of these risk premia seems to be related to the various stages of the introduction of the Euro currency. The peaks around 1992 and 1993 coincide with the European Monetary System crises. Taking into account the time varying asymmetry yields estimates of the risk premia that are generally lower than those obtained without taking into account time varying asymmetry. Notice that for the Japanese equities and for the Yen deposits from 1997 to 2000 the divergence is striking. Models with no asymmetry or constant asymmetry show peaks of risk premia above 40% per year for both assets. However, once time varying asymmetry is taken into consideration the contribution to the total premium of the risk premia required to invest either in Japanese equities or in Japanese deposits shrinks to much a smaller level. 
